In this paper, we comparatively investigate the issue of Granger causality between stock prices and exchange rates movements for 13 developed and emerging financial markets during the period 1997-2012. The countries, selected considering the 2010 market capitalization criterion are: Australia, Canada, France, Hong Kong, Japan, United Kingdom, and United States (developed markets) and Brazil, China, India, Korea, Russia and South Africa (emerging markets).
Introduction
In the context of global integration it is a common fact that the foreign-exchange risk has become more and more significant. When investing internationally, investors must not neglect this particular risk due to the fact that it can affect or can improve the value of their investment significantly. Portfolio diversification at the domestic level reduces or even eliminates the influence of the idiosyncratic risk, leaving the exposure of systematic risk. But, due to the fact that the systematic risk of the markets differs from country to country, the international diversification can limit the overall portfolio volatility.
Therefore, international investments offer to investors the opportunity of reducing risk due to the low correlations between countries. Needless to say, with internationalization comes another risk, one not to be neglected, i.e. the foreign exchange-risk. This risk should be properly evaluated and included in business plans in all areas of international investments, including green innovation and technology management.
The return obtained by an investor in a foreign country is determined not only by the domestic performance of the asset itself, but also by the currency fluctuation. Therefore, the appreciation of the currency that the investment is made in determines an enhancement of the investor`s gains, whereas a depreciation decreases them.
In this paper, we are trying to establish if the foreign exchange risk has a great impact on the international investment and we are trying to comparatively investigate the issue of Granger causality between stock prices and exchange rates movement for developed and emerging financial markets. Results have important implications for currency hedging purposes in all area of international investments, including green business innovation and technology management -the main theme of the present conference.
The paper is structured as follows. The next section offers a short overview of the related literature, followed by the discussion of data and research methodology in Section 3, while Section 4 presents and discusses the main empirical results. Finally, Section 5 concludes the research.
Literature review
The currency exposure of stock markets has been a subject of great interest on the part of many academics and investors alike. In his paper, Stavarek [1] investigates the issue by testing the short-and long term relation between exchange rates and equity prices in the US as well as in four old EU countries and four new members of the EU, using monthly data. Stavarek [1] divides his data set into two sub-periods; 1978-1992 includes only developed countries and 1993-2003, including all countries. The results show that causality between the variables is strongest in countries with more developed foreign exchange markets. Further, the short and long term causality is more powerful in the later time period, suggesting that as capital markets have become more integrated, and capital controls have been abolished, the link between exchange rates and equity prices has become stronger. Also, Doong, Yang and Wang [2] use weekly data to examine the relation for Indonesia, Malaysia, the Philippines, South Korea, Thailand, and Taiwan between 1989 and 2003. They find bidirectional causality between exchange rates and equity prices in Indonesia, Korea, Malaysia, and Thailand. Further, with the exception of Thailand, equity prices in the countries under study are negatively related to the exchange rate, hence, a depreciation of the currency is associated with a fall in equity prices.
Inci and Lee [3] examine the relation between stock returns and exchange rate changes in five major European countries (France, Germany, Italy, Switzerland, and the UK), and also the USA, Canada, and Japan and find that lagged exchange rates have a significant impact on stock returns; the study also reveals the existence of Granger causality for the reverse direction. On the other hand, Mishra [4] examines whether stock market and foreign exchange markets are related to each other in the case of India and concludes that there is no Granger's causality between the exchange rate return and stock return for the period 1992-2002. [7] 3. Method
Data
The data employed in this paper consists of monthly indexes collected from the Morgan Stanley Capital International database, expressed in local currency, in the time span of January 1997 to March 2012. We employed the indexes from 13 states, 6 of developed markets (Australia, Canada, France, Hong Kong, Japan and United Kingdom), 6 from the emerging markets (Brazil, China, India, Korea, Russia and South Africa) together with the theoretical investor`s home country, considered to be the United States. The countries were selected considering the 2010 market capitalization criterion.
We also collected the end-of-the-month exchange-rates from the Pacific Exchange Rate Service 1 . The returns were determined on a logarithmic basis and the standard deviation, the variances and the correlations were computed using a 12 months rolling window.
In order to have a better view on the impact of the foreign-exchange risk on the international portfolio investments, we expressed the return in USD as it follows:
where:
is the return of the investment denominated in USD, is the return of the investment in local currency and represents the return of the exchange rate USD/Local currency. Equation (1) shows that the yield obtained by an american who considers investing abroad is computed as a sum of the return of the assets in local currency and of the foreign exchange fluctuation.
As for the risk of the investment in the foreign countries, we computed the variance of the return by the following formula:
Granger causality tests
Testing causality, in the Granger sense (Granger [5] ), involves using F-tests to test whether lagged information on a variable Y provides any statistically significant information about a variable X in the presence of lagged X. If not, then "Y does not Granger-cause X." In other words, a variable Y is said not to Granger-cause a variable X if the distribution of X, conditional on past values of X alone, equals the distribution of X, conditional on past realizations of both X and Y. If this equality does not hold, Y is said to Granger-cause X. If Y can predict future X, over and above what lags of X itself can, then Y Granger causes X.
We test for Granger causality by estimating the following VAR models for each pairwise combination of stock returns series:
If the null hypothesis:
is rejected Y is said to Granger cause X.
(4)
If the null hypothesis: is rejected X is said to Granger cause Y.
If the null hypothesis is rejected from both cases, it is said that there is a feedback relationship between X and Y.
Empirical results
When analyzing the descriptive statistics for the US equity returns, we notice that the mean monthly return of an investment in the American capital market would have been 0.3% . Also, for the whole 15 years analysis period the cumulative return would have been 64.68% and the monthly standard deviation 4.86%. Therefore, when investing internationally, the American investor seeks either a yield higher than 0.3% per month (or 64.68% for the 15 years) or a standard deviation lower than 4.86% or maybe both.
Looking at the descriptive statistics of the investment returns denominated in USD, we can infer that for the developed markets monthly returns range from -0.00112 (for Japan) to 0.0065 (for Canada). Only the returns obtained in Australia and Canada are higher than the ones in the American market. Also, the cumulative returns for the whole period of at least 15 years show the same result. An international investment in Canada and Australia would have been beneficial for the American investor. Nevertheless, these returns come with the price of a higher risk (a standard deviation of 6.5% or Australia and of 6.65% for Canada -See Table 1 ). If the investment would have been made in the emerging markets, the investor would have earned a higher return than the one of the domestic market in 4 countries: Brazil, India, Korea and South Africa. The cumulative return for the whole period ranges from 100.55% to 147.37% for those 4 countries. Nevertheless, those high returns do not come without a higher risk. The standard deviation for the emerging markets included in the sample ranges from 0.08 to 0.19 (See all statistics in Table 2 ). An analysis of the return will not suffice for an investor who seeks the highest returnto-variability. An analysis of the variance of the returns will thereby allow us to ferret out the relevance of the international investment thoroughly. By analyzing the descriptive statistics for the variance of an investment in the American market (in USD) we can infer that the mean monthly variance of an investment made in the American market from 1997 to 2012 is 0.22%. The number of observations has decreased from 183 to 172 due to the fact that the variance is computed as a times series with a 12 months rolling window. Graphically, the variance time series can be shown in Figure 1 . Table 3 shows the mean variance of the investment in developed markets included in the sample. The graphical representation of the variance the 6 developed markets (not reported) attests that they follow a similar pattern to the American variance.
On the other hand, when analyzing the variances of the returns obtained in the emerging markets, we notice that all 6 countries included in the dataset have higher variances than those obtained in the developed markets and unquestionably higher than that of the American market. Part of this variance is attributable to the foreign-exchange risk. This time, the graphical representation of the variance the 6 emerging markets (not reported) shows that for this markets the risk is higher than for the developed markets and that the variance series don`t follow the same pattern during the whole period.
Next, before proceeding to the Granger causality test (which can only be employed with stationary time series) we first conduct unit root tests for the 24 series (with 182 monthly observations each) comprised in our dataset. The ADF test estimates the following equation:
where α is a constant, β represents the time trend, and p is the order (or lag) of the autoregressive process. Results (not reported) confirm that all series are stationary at level and therefore we can proceed to test the bilateral causality equity returns -exchange rate movements. Next, Table 5 reveals the empirical results. 
Conclusions
The purpose of this study is to comparatively investigate the issue of Granger causality between stock prices and exchange rates movement for developed and emerging financial markets.
For the analyzed period, the Granger causality test results suggest that the equity market and the evolution of the exchange rate are two interactive time series in the case of Korea, as the Korean stock market Granger causes the KWR_USD exchange rate while the exchange rate also leads the Korean stock market index, and this bilateral causality is significant at 1%. Other results reveal that the evolution of the exchange rate has an impact on next month stock market index returns in the case of Brazil (significant at 1%) and Russia (significant at 1%), while the equity market is a risk factor for the exchange rate only in the case of United Kingdom (the FTSE Granger causes the US dollar_sterling pound evolution). Finally, we must draw attention that although Granger causality can depict the direction of causality, it cannot predict the sign of correlation, for which correlation tests or impulse response should be carried out (See Granger et.al., [6] ). Therefore, especially for purposes of currency risk hedging, these results should be interpreted with care.
